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Experimental Methods
Materials. La(NO3)3·6H2O (99.9% REO, Alfa Aesar), N,N-dimethylformamide (DMF, 99.9%, EMD Millipore), and ethanol (EtOH, 200 proof, KOPTEC) were obtained from commercial sources and used as received.
Tetrathiafulvalene tetrabenzoic acid (H4TTFTB) was synthesized according to a previously published procedure. 1 Synthesis of La4(HTTFTB)4 (1). La(NO3)3·6H2O (5.2 mg, 0.012 mmol) was dissolved in 0.93 mL of 1:1 H2O/EtOH. H4TTFTB (8.2 mg, 0.012 mmol) was dissolved in 0.47 mL of 3:1 DMF/EtOH. The La(NO3)3·6H2O solution was slowly added to the H4TTFTB solution in a 2 mL vial. The reaction mixture was heated to 50 °C for 24 hours, affording a dark red polycrystalline powder. The product was washed with 3 ´ 2 mL of EtOH. Single crystal X-ray diffraction. Solvated, diffraction-quality single crystals were mounted in Paratone oil on Kapton loops. Low temperature (100 K) diffraction data (j-and w-scans) were collected on a Bruker-AXS X8 Kappa Duo diffractometer coupled to a Smart APEX II CCD detector using IµS-micro sources of Cu Ka radiation (l = 1.5406 Å) for 1, and Mo Ka radiation (l = 0.71073 Å) for 2 and 3. Absorption and other corrections were applied using SADABS. The structures were solved by direct methods using SHELXT 2 and refined against F 2 on all data by full-matrix least squares with SHELXL-2016 3 using the ShelXle graphical user interface. 4 For 1, due to the data quality and extensive disorder, coordinated solvent molecules could not be resolved; only the oxygen atoms were included in the model. All non-hydrogen atoms were refined anisotropically, with the exception of low-occupancy solvent oxygen atoms coordinated to La. The data quality precluded location of acidic hydrogen atoms on the TTFTB ligand in the electron density map (singly protonated ligands were assigned to obtain a charge-balanced formula). For 2 and 3, all non-hydrogen atoms were refined anisotropically. All acidic hydrogen atoms on the TTFTB ligand and coordinated water molecules included in the model were located in the electron density maps. For 1, 2 and 3, hydrogen atoms on the ligand and resolved DMF molecules were included in the model at geometrically calculated positions and refined using a riding model. Disordered residual electron density contributions in the pores were removed by SQUEEZE 5 using PLATON. 6 Details of the refinements, including data quality and a summary of residual values, are listed in Tables S1-S3 .
Powder X-ray diffraction. Patterns were collected on a Bruker Advance II diffractometer equipped with q/2q
Bragg-Brentano geometry and Ni-filtered Cu Ka radiation (Ka1 = 1.5406 Å, Ka2 = 1.5444 Å, Ka1/Ka2 = 0.5).
The tube voltage and current were 40 kV and 40 mA, respectively. Samples were prepared by placing a thin layer of the appropriate material on a zero-background silicon crystal plate.
Thermogravimetric analysis. Using a TA Instruments Q500 Thermogravimetric Analyzer, measurements were carried out on powder samples between 25 and 700 °C at a heating rate of 3 °C/min under a nitrogen gas flow of 35 mL/min on a platinum pan.
Nitrogen adsorption measurements. A Micromeritics ASAP 2020 Surface Area and Porosity Analyzer was
used to measure the nitrogen isotherms. An oven-dried sample tube equipped with a TranSeal (Micromeritics) was weighed. The sample was transferred to the tube and evacuated under dynamic vacuum until the outgas rate was less than 2 mTorr/minute. The tube was then filled with nitrogen gas and weighed again, and the sample mass was determined by subtracting the mass of the empty tube and TranSeal. The nitrogen isotherm was measured in a liquid nitrogen bath (77 K). UHP grade nitrogen and oil-free valves and gas regulators were used for all free space corrections and measurements.
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Room temperature conductivity measurements. Two-contact probe measurements were carried out at 296 K in ambient atmosphere on pressed pellets using a home-built two-probe in situ press set-up described previously. 7 Powders were loaded into glass tubes and pressed between stainless steel rods under approximately 200 MPa.
Linear I-V curves were obtained by sweeping the voltage between -0.5 to +0.5 V or -1 to +1 V and measuring the current using a sourcemeter (Keithley 2450) connected to the press via test leads. Pellet thicknesses were measured after the measurement using a micrometer (Mitutoyo). At least two pellets from five separate batches of each phase were measured. For each phase, first, the conductivities of all pellets from each individual batch were averaged to give a batch conductivity value. Then, the batch conductivity values were averaged to give the average conductivity value for the phase. The standard error of the batch conductivity values was used for the error estimation on the average conductivity value for each phase.
Variable temperature conductivity measurements. Two-contact probe measurements were carried out between 250 and 350 K under dynamic vacuum (~10 -5 Torr) on pressed pellets using a home-built in situ screw cell set-up described previously. 8 Samples were loaded into Garolite tubes with a threaded inner wall and pressed between two stainless steel screws under approximately 50 MPa. The protruding end of one screw was screwed into a copper mounting chuck to establish thermal and electrical contact with the sample. The chuck was then secured to the platform at the base of a probe station (Janis). Contacts were made by placing the gold-plated tungsten probe tips onto the copper plate and the top screw of the device. The conductance values of the screw cell devices were first measured in ambient atmosphere at 296 K. The chamber was then sealed and evacuated.
Once the pressure reached ~10 -5 Torr, the temperature was equilibrated by resistive heating in the probe station Electron paramagnetic resonance spectroscopy. Room temperature X-band measurements were carried out on a Bruker EMX spectrometer equipped with an ER 4199HS cavity and Gunn diode microwave source at room temperature, with a microwave frequency of 9.37 GHz, power of 0.100 mW, and attenuation of 33.0 dB. MOF powders were ground with KBr in a mortar and pestle to a 1 wt% dilution, and measured under a nitrogen atmosphere in septum-sealed quartz tubes.
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Comparative Analysis of Topology
We carried out a comparison with 44 rod MOFs of rare earth metals with tetracarboxylate ligands of flat rectangular shape (Spreadsheet S1) and 29 other MOFs with the TTFTB ligand (Spreadsheet S2).
Rods in compounds 1, 2 and 3 have a wave-like shape with periods of 6, 4, and 4 {Ln2} dimers, respectively.
However, topologies of rods in the PE&M representations for the three compounds are different. The rod type of triply-bridged dimers 2,6C1 found in compound 2 is very common for rod MOFs, as it is observed in 375 structures, of which 328 contain rare earths. For example, it is similar to the rod in the compound [Tb(H2btec)2/4(btec)3/6(H2O)]·2H2O (MITGUR) with a flat tetratopic ligand of rectangular shape, 1,2,4,5benzenetetracarboxylic acid (H4btec), and observed in other 8 compounds (Spreadsheet S1). 10 The 2,3,6,7-c net of the rod in compound 3 is unique, and to the best of our knowledge, it has never been observed before in rod MOFs.
We extracted the two main features of the TTFTB ligand that lead to the novel topologies: the rectangular ligand ratio (RLR), and the unusual π-π interactions with participation of the sulfur atoms. The RLR is computed from the rectangle of the four carbon atoms from the four carboxylate groups in the tetratopic ligand as the ratio of the average of the two longer sides to the average of the two shorter sides. As was shown before for Zr-MOFs, a less "square" ligand (i.e. with a larger RLR) leads to a reduced connectivity of molecular SBUs, resulting in unusual topologies featuring larger porosity, but less stability. 11 For the rod SBUs with rare earth metals, this elongation also influences the topology. Thus, 9,10-dioxo-9,10-dihydroanthracene-1,4,5,8-tetracarboxylate (RLR = 1.1) is coordinated only by two carboxylate groups located on one diagonal, as observed for 6 isoreticular compounds of Er, Dy, Sm, Tb, Eu and Nd. 12 The 1,2,4,5-benzenetetracarboxylate ligand (RLR = 1.6) can be coordinated through two or four carboxylate groups, 10 while 5,5¢-diazene-1,2-diyldiisophthalate (RLR = 1.8) 13 and 5,5¢-(4H-1,2,4-triazole-3,5-diyl)bis(benzene-1,3-dicarboxylate) (RLR = 2.1), 14 similarly to TTFTB in compounds 1 (RLR = 1.7; Table S10), 2 (RLR = 2.1) and 3 (RLR = 1.9) provides all four carboxylate groups for coordination.
In other MOF structures containing TTFTB (Spreadsheet S2), the value of RLR varies in a wide range, from 1.40 to 1.96, that reflects its flexibility in the direction normal to the ligand plane. The 1D column of stacked S8 ligands is more frequently observed for flattened conformations with larger RLR (> 1.7). In contrast with planar 5,5¢-diazene-1,2-diyldiisophthalate forming continuous columns with an eclipsed configuration of ligands along the rods, the inaccessibility of a flat conformation for the four benzene rings in TTFTB prevents building continuous columns of π-π stacking in an eclipsed configuration in a rod La-MOF, where La-La distances within the rod are in the range of 4. Furthermore, the additional structural comparative analysis extracted from the CSD structures of 44 rod MOFs of rare earth metals with tetracarboxylate ligands of flat rectangular shape (Spreadsheet S1) can be useful for screening new electronic semiconductors with tuned topologies, π×××π interactions and conductivity. It should be noted that among 44 rod Ln-MOFs with rectangular ligands, 25 structures contain one-periodic stacks of parallel ligands involved in π×××π interactions, and the shortest contacts between ligands providing one-periodic stacks varies in the range 3.24-3.64 Å, which is similar to the one observed in the structures of compounds 1 and 2 (3.41-4.20 Å) . From the data on the topologies of these 25 structures (Spreadsheet S1), we can conclude that three topological types (in PE&M representation) of 3D 3,3,3,3,3,4,5-c new net, 3,4,6T160 and 2D bex are favorable for staggered stacks of parallel ligands. The 3D 3,4,6-c new net provides slipped-parallel stacks, and 3D 3,3,3,6-c new net and 3,3,3,3,7T7 can be useful for obtaining an eclipsed arrangement of ligands. However, among the 44 rod Ln-MOFs, only one compound, [Eu2(btc)(H2btc)(H2O)]·4H2O (H4btc = 1,2,4,5benzenetetracarboxylic acid) (MIRLUU), was tested for electrical conductivity, and it was shown to be a semiconductor. 17 The structure of this MOF does not have π×××π interactions, and the authors explain conductivity as a result of the short Eu-Eu distance in rods (3.95 Å). Figure S1 . TTF stacking sequence of 1 with S atoms labeled. S13 Table S5 . Selected S×××S contact distances for 2. S14 Table S6 . Selected S×××S contact distances for 3.
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S×××S contact
S×××S contact Distance (Å)
S1(a)×××S6(c) 4.174 (6) S2(a)×××S5(c) 4.165 (6) S3(a)×××S5(d) 4.164 (7) S3(a)×××S6(c) 3.809 (6) S4(a)×××S5(c) 3.859 (6) S4(a)×××S6(d) 4.140 (7) S1(a)×××S4(b) 7.600 (8) S2(a)×××S3(b) 7.650 (8) S2(a)×××S4(b) 7.072(8) Figure S3 . TTF stacking sequence of 3 with S atoms labeled. S15 Table S7 . Selected TTFTB bond distances for 1.
Bond Distance (Å)
C1_1-C2_1 1.33 (1) C1_1-S1_1 1.743 (9) C1_1-S2_1 1.75 (1) C2_1-S3_1 1.76 (1) C2_1-S4_1 1.757 (9) C1_2-C2_2 1.27 (3) C1_2-S1_2 1.76 (2) C1_2-S2_2 1.77 (2) C2_2-S3_2 1.78 (2) C2_2-S4_2 1.74 (2) C1_3-C2_3 1.35 (2) C1_3-S1_3 1.75 (1) C1_3-S2_3 1.75 (1) C2_3-S3_3 1.74 (1) C2_3-S4_3 1.77 (1) C1_4-C2_4 1.31 (1) C1_4-S1_4 1.767 (9) C1_4-S2_4 1.76 (1) C2_4-S3_4 1.75 (1) C2_4-S4_4 1.762(9) S16 Table S8 . Selected TTFTB bond distances for 2.
C1-C2 1.321 (7) C1-S1 1.751 (5) C1-S2 1.761 (5) C2-S3 1.761 (5) C2-S4 1.758(5) S4 . Thermal ellipsoid plots of each TTFTB ligand in the asymmetric unit of 1 drawn at the 50% probability level. Hydrogen atoms, solvents, and minor components of the disorder in the ligand benzoates and La atoms have been omitted for clarity. S18 Figure S5 . Thermal ellipsoid plot of the asymmetric unit of 2 drawn at the 50% probability level. Hydrogen atoms and solvent molecules have been omitted for clarity. S19 Figure S6 . Thermal ellipsoid plot of the asymmetric unit of 3 drawn at the 50% probability level. Hydrogen atoms and solvent molecules have been omitted for clarity. Figure S7 . Experimental powder X-ray diffraction patterns of 1 as synthesized, dried, and activated via supercritical CO2 drying, compared to the simulated pattern from the single crystal structure of 1. Figure S8 . Experimental powder X-ray diffraction patterns of 2 as synthesized and activated under vacuum, compared to the simulated pattern from the single crystal structure of 2. Figure S9 . Experimental powder X-ray diffraction patterns of 3 as synthesized, activated under vacuum, and activated via supercritical CO2 drying, compared to the simulated pattern from the single crystal structure of 3. Figure S10 . Thermogravimetric analysis plots for 1, 2, and 3.
Figure S11. Upper panel: Nitrogen adsorption isotherms for 1, 2, and 3 at 77 K. Closed circles correspond to adsorption and open circles correspond to desorption. Lower panel: portions of the isotherms satisfying the Brunauer-Emmett-Teller (BET) consistency criteria; 18, 19 closed circles indicate the BET function-transformed data, and the solid lines correspond to a linear fit to the data. Figure S12 . Representative I-V curves at 296 K for two-contact probe pressed pellet devices of 1, 2, and 3. The solid lines correspond to linear fits to the data. Figure S13 . Two-contact probe pressed pellet conductivities for TTFTB MOFs with 1D ligand stacking motifs vs. the longest (S×××S)min contact distance (i.e. the longest S×××S distance found between all pairs of nearest neighbor TTFTB pairs in their crystal structures). La -1, La -2, and La -3 correspond to the phases reported in this work. Cd corresponds to Cd2(TTFTB). 7 Tb, Dy, Ho, and Er correspond to the frameworks with the indicated lanthanide before I2 treatment. 20 Figure S14 . I-V curves at different temperatures for two-contact probe pressed pellet devices of 1, 2 and 3.
The solid lines correspond to linear fits to the data. Figure S15. X-band electron paramagnetic resonance spectra of 1, 2 and 3. The signals correspond to g = 2.012 for 1 and 3, and g = 2.011 for 2.
